Abstract. The analysis and forecast of landslide activity on the territories of cities is an actual task. Remote sensing methods are successfully used to solve a whole range of tasks: from classification to modeling. The possibilities of interpreting data are expanding. The processing involves standard methods of statistical research, methods of theories of fuzzy sets, pattern recognition, and others. This paper describes the experience of involving the method of grouping arguments into a prediction model. Firstly, an irregular time series of values of reflection coefficient on areas of active development of the landslide process is investigated. According to the results of the prognosis, it is proved that in the nearest future changes in solar activity (11 -year cycle) will not lead to activation of the process. Secondly, the forecast of the activation of the landslide process under the influence of man-made factors was fulfilled. The connection between the content of readily soluble salts in the pores of forest soils of the aeration zone and the values of the coefficient of reflection and. The model extends the possibilities of using the method of group consideration of arguments for mapping zones of landslide activity in sections of man-made geochemical anomalies. The analysis of the model shows that the connection is. In the future it is possible to determine certain values of salt content and values of reflection coefficients, which will be indicators of the probability of activating the landslide process in other conditions.
Introduction. In this paper, the variability of the water-salt regime in the aeration zone (1981-1983 and 1989-1990 yy.) was analyzed as one of the factors that increase the landslide activity in the territory of city Dnipro. The geological structure of the aeration zone of the right-bank part of the city consists predominantly loess deposits, whose thickness reaches 25 m. Within the study area was identified up to 155 sites of active landslide process. It is assumed that landslides develop mainly in loess sediments, are superficial and they have connection to different forms of relief (Zuska, 2014) . There is spatio-temporal changes in the properties, composition and condition of loessial rocks occur both in the water saturation zone and in the aeration zone (Mokritskaya, 2012) . The statistical correlation between the values of the reflection coefficient of the blue and near infrared spectra (satellites LANDSAT-5 and LANDSAT-7) at the moment of 2009 (Mokritskaya, Dovganenko, Yaroshchuk, 2016) was discovered in the areas of active landslide process. Analysis of the trends in the content of light-and medium-insoluble salts in pore waters of loess-like loams under the influence of technogenic impacts from buildings and industrial facilities (Mokritskaya, Fundaya, 2016) showed that in a short period of time (seven to ten years), the amount of sulphates and their variability was raised. The chloride content increased in the zone of influence of industrial structures. These changes may cause decries the strength of loess-like loam, and contribute to the further activation of the landslide process. In this paper, was shown the relationship between the reflectance values (blue and near infrared spectra, the LANDSAT-7 satellite, six bands, 1981 LANDSAT-7 satellite, six bands, , 1989 LANDSAT-7 satellite, six bands, and 1990 and the average salt content in the pore waters of rocks in the aeration zone. The content of an insoluble calcium sulfate Ca(HCO3)2 salt, a sparingly soluble salt of Mg(HCO3)2, and readily soluble salts of Na(HCO3), CaSO4, Mg SO4, Na2SO4, CaCl2, MgCl2, NaCl was analyzed. The model of the relationship between the salt content in the rocks of the aeration zone and the values of the reflection coefficient probably can help to identify the zones of activation of the landslide process under the influence of technogenic geochemical anomalies. Sampling sites are distributed unevenly. Sample value is statistically reliable and representative (Figure 1) . Material and methods of research. The database of the research include the observation data of the pore waters water-salt regime in the soils of the zone of aeration in the territory of Dnepropetrovsk (1981 Dnepropetrovsk ( -1983 Dnepropetrovsk ( and 1989 Dnepropetrovsk ( -1990 , the CP "UkrJUggeology"), remote sensed data of the territory (LANDSAT-5 and LANDSAT-7). For the mathematical processing of data, the author's used the Koryashkina L.S. "Projekt" software (Mokritskaya, Koriashkina, 2013) and standard applications of MS EXELL software. Inductive algorithms of the Group Method of Data Handling make it possible to automatically find interdependencies in the data, to choose the optimal structure of the model, and to increase the accuracy of existing algorithms. The choice of Group Method of Data Handling as a research tool can be justified by the following facts:
-there is optimal complexity of the structure of the model, adequate to the level of interference in the sample data;
-it is guaranteed to find the most accurate or unbiased model;
-the method does not miss the best solution during iterations (in a given class of functions); -any nonlinear functions or characteristics that may have an effect on the output variable are use as input arguments;
-the method automatically finds interpreted relationships between values and selects effective input variables;
-the method uses information directly from the data sample and minimizes the impact of the a priori assumptions of the researcher on the modeled results;
-the method of group analysis of arguments is intended for solving problems of parametric, structural identification and forecasting, has a welldeveloped theory and numerous applications. The method is particularly effective for predicting on "short" samples.
The method uses ideas of self-organization and mechanisms of living nature -crossing (hybridization) and selection (selection). Analysis of publications. Remote sensing data is widely used both for the identification and mapping of landslides, and for monitoring and analyzing the dynamics of landslides. For the specified purposes, surveys of visible, near infrared, thermal infrared, radio wave and ultraviolet zones of the spectrum are attracted. Based on the remote sensing materials, various applied problems are solved, from mapping, assessment of damage, risk to simulation of the process and study of its dynamics.. The paper (Cheng K. and al., 2004 ) is discovered the problem of landslides identification in the experimental territory (333 km2) of the National Taiwan University. In the paper (Barlow J.and al., 2003) is shown the determination of the landslide separation walls in the Cascade Mountains (Canada), use of the segmentation procedure for images in combination with DEM analysis. Purnomo Y., Pinem F. (2010) developed a methodology for landslide hazard classifications based on statistical methods and GIS technologies. A summary of the experience of using GIS technologies for assessing the landslide hazard is demonstrated in the research (Saraf A. and al., 2009 ). Shabi H. And al., 2012, described the results of applying fuzzy-set analysis methods in assessing landslide hazard using LandsatETM +, SPOT, IRS-ID and other remote sense data.
The dynamics of the landslide process is indicated by the change in the reflection coefficient (J. Hervas and al., 2003) . Remote sensing data can be used to simulate landslide processes (Mezughi T.H., and al., 2011) . H. Kimura, Y. Yamaguchi (2000) analyzed the displacements at the site of the northern slope of the Azumayama volcano. Space images of high resolution make it possible to obtain more correct measures of the landslide hazard, since several quantitative indicators of dynamics can be calculated (Blesius L., Weirich F. 2009 ).
Some of the publications are devoted to methodological issues. Some procedures for image preprocessing are described in the work (Marcelino E. and al, 2009) . The data for the landslide study of the coastal territory of the State of São Paulo (Brazil) used the satellite images of the Landsat-7 and SPOT-4 satellites. The methodical part of the publication (Fernández T. and al., 2008 ) describes a method for automatically determining the offsets for multispectral images of Ikonos, Spot-5 and Landsat-7 in the Cordillera-Betika area (Spain). In opinion (Delacourt C. and al., 2007) aerial photography methods are optimal for studies of "rapid shifts" (25 cm / s. And more); high-resolution satellite imagery can be used both for scientific purposes and to prevent landslide hazard.
Quantitative assessments of the effects of landslides caused by typhoons in the Shikhmen reservoir zone (Taiwan) were also obtained using GIS technologies and RS (Lin B. S., and al., 2011) . Spectral satellite images (1996 to 2008 years) were studied, information on atmosphere precipitation was used too.
The use of remote research methods to predict the likelihood of landslide phenomena, karst-suffusion faults and other hazards is widely used in engineering-geological studies (D. Sudhakar, and all, 2013) and environmental-geological studies (Manibhushan and al., 2013) . Remote sensing methods are an effective tool for monitoring and mapping landslides, as well as high-tech analysis of landslide hazard.. The results of the research. The Group Method of Data Handling (Mokritskaya, Koryashkina, 2013) was applied for creating the math model of the dependence of the coefficient of reflection on the previous values (1988, 1990, 2003, 2009, 2010) . This method (GMDH) was applied in the different areas for data analysis and finding values, forecasting and modeling of systems, image optimization and recognition. The data points of reflectance value, which has been defined in areas of active landslide processes in 2009, characterize the intensity of infrared spectrum in next dates: 18.05.1988, 18.02.1990, 23.04.2003, 26.06.2003, 29.08.2003, 26.06.2009, 25.03.2010, 24.01.2011 . This sequence is irregular. We found out the equation of a linear trend of time series with the high value of the determination coefficient (using the number of months from the beginning of series as y-coordinate and a serial number as x coordinate). The next date of the sequence has been calculated as the prognosis value. The 24th 11-year cycle of solar activity has started in 2008 (Phillips T., 2008) , the maximum of solar activity was reached at 2014. The cycle started in 2009 when we look at the other sources (Obzor, 2012) . Prognosis values of reflectance value in the points of active development of the landslip process were calculated for 2017 (2017 is the year of decreasing of solar activity).
Math Model of prognosis values of the dependence of the coefficient of reflection of the nearinfrared spectrum based on the results of modeling of irregular time series (Group Method of Data Handling) was constructed (1): The prognosis values change from 0,168 to 0,302 (table 1) . Maximum values are found in the points where the probability of the landslide activity is confirmed by the results of regression analysis of the coefficients of blue and near-infrared canals and the inaccuracy in this points is minimal. We have proved earlier that the coefficient of reflection takes extreme high value in the points of active development of the landslip process in time of changing the cycles of solar activity. In this work values of the coefficient of reflection which are bigger than 0.4 is used as indicators of the landslide activity. In general, results of modeling values of the coefficient of reflection in points of actively developing the landslide process shows that the whole reduction of the landslide activity which is caused by the 11-year cycle of solar activity is possible in the nearest future.
After statistical analysis of the values of coefficients of blue and near-infrared canals in points where the consistency of salts in rocks of aeration zones is known, we can infer that the correlation link between the values of coefficient and consistency of salts changes from weak to strong. Values of the coefficient of rank correlation changes from 0.02 to 0.94. Visual analysis of the average values points out on the weak link between the tendencies of changing the reflection coefficient mentioned canals and salts consistency in % ( fig. 2) . fig.3) and corresponded values of reflection coefficient using software Projekt (Mokritskaya, Koryashkina, 2013) . The analysis of the model shows, that increasing of easy-soluble salts Mg2SO4 leads to increasing of values of the reflection coefficient at places with active landslip process. The impact of readily soluble salt NaCl is more difficult than the previous one because values of the coefficient will increase only when the balance between salt consistency and product of numbers is broken. The equations similar to this one let us find out the critical values of consistency of salts and corresponding coefficients which will reduce the allowable range of the coefficient in the areas of active landslide process. Fig.2 . Dynamics of the average values of the reflection coefficients and salts consistency (in percentages) in aeration zone rocks (Dnipro, 1981 (Dnipro, -1990 ).
Note for picture 2: 1. Average value of a reflection coefficient: band 1 -blue canal, band 4 -near-infrared canal; 2. Average salts consistency in percentages: Ca(HCO3)2, Na2SO4, NaCl.
3. Values of the reflection coefficient are increased in 100 times for making the presentation in the figure above clearer. The model of the link between values of the reflection coefficient and the consistency of salts in the ground pores in aeration zone obtained as next equation (2): band1=0,009Mg2SO4+0,007NaCl--0,179band4-0,013band4·NaCl
band1 -predictive value of the reflection coefficient (the indicator of the possible landslip activity);
band4 -the value of the reflection coefficient in point with the known average consistency of salts in grounds of aeration zones;
Mg2SO4 and NaCl -the average consistency of mentioned salts in ground pores in percentages.
Conclusions: -The activation of landslide processes due to the influence of natural factors (11-year cycle of solar activity), is unlikely in the near future.
-Decreasing of soil strength in the aeration area (due to the changes of salts content in the soil's pores) may influence the activity of landslide processes.
-The resulting equation can be used as a hazard indicator for the forecast of landslide activity in built-up areas.
